INTRODUCTION
Over the years, the occurrence of inflammation in chronic heart failure (CHF) and acute myocardial infarction (AMI) has been widely described. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Consistent data indicate fluctuations in cytokine levels in patients with a reduced left ventricular function. However, the role of the inflammatory response in the evolution of heart failure has not been defined yet. In order to fill this critical gap, we investigated the circulating levels of several cytokines in patients with left ventricular dysfunction.
In the absence of a univocal definition of heart failure and its severity, we decided to limit our study to patients with a clinically-relevant left ventricular systolic dysfunction, assessed according to standard echocardiographic parameters. Moreover, in order to clarify whether shifts in cytokines profile were also present in the early stages of the left ventricular dysfunction, we included in our study also patients with a left ventricular dysfunction, caused by an acute myocardial infarction (AMI). We assumed that these patients had normal levels of circulating cytokines before the infarction. However, it is possible that some shifts are also induced by inflammatory processes of an acute myocardial infarction and not merely by left ventricular dysfunction.
MATERIALS AND METHODS
For this study we recruited 44 patients, admitted to our department (male to female ratio 6,33), ranging from 40 to 80 years, mean age 61, SD 9,8, suffering from different cardiac diseases. The inclusion criteria were the presence of dilated cardiomyopathy (according to the WHO criteria), valvular heart disease and postischemic cardiomyopathy (previous MI older than 6 months). We also included in the study a group of patients with acute myocardial infarction (AMI), who were hospitalized at the same time.
As assessed by echocardiography, systolic LV function was impaired in all the included patients even when excluding heart diseases beyond those matching the inclusion conditions. All patients, except for those with AMI, were admitted on the grounds of unsatisfactory cardiac conditions (moderate dyspnoea on exertion and reduced effort tolerability). The patients were compared to 29 healthy subjects (anamnestically no signs of diseases, negative physical examination and ECG), non agematched (13 males and 16 females, ranging between 20 and 63 years with a mean age of 30,2 years, SD 13.67). The Ethical Committee of the University of Padua approved the study; an informed consent was obtained from each patient.
All patients were submitted to a detailed anamnesis, physical examination, ECG, and a routine laboratory analysis. The cardiac functional impairment was graded according to the NYHA class; the non-invasive hemodynamic evaluation was obtained by the standard 2D echocardiogram. The left ventricular systolic dysfunction was diagnosed on the basis of an ejection fraction below 55%, although 90% of patients had values below 45%. Patients with a relevant liver or kidney dysfunction, or with other major acute pathologies, such as sepsis, end stage tumours etc. were not included in the study. None of the patients had fever (body temperature >37°C) or diarrhea during sampling. At the moment of hospitalization, all patients with a chronic left ventricular dysfunction were receiving oral therapy, consisting of ACE inhibitors and diuretics. Patients with AMI did not receive any intravenous therapy during sampling.
For the biochemical analysis, a sample of 24 ml of blood was collected in the morning (7.30-8.30 AM), while patients were still lying in their beds, using 21G butterfly needles and vacutainer system containers. The sampling was performed on all the patients within 48 hours of their admission, except in the case of patients suffering under AMI, who had their samples taken 4 to 7 days after an acute episode. The samples were kept at 4°C during the transport to the laboratory, where they were processed. The time between sampling and processing was between 15 to 45 minutes. With an appropriate calibration of instruments, biochemical analyses were performed at the Department of Laboratory Medicine of the University Hospital of Padua.
To determine circulating cytokine levels, blood samples were centrifuged at a 3500 rpm for 10 minutes. Samples of plasma were stored at -80°C, and analyzed within 6 months. Samples were then diluted in physiological solution, and levels of TNF-, IFN-, IL-6 and IL-10 were assessed by means of commercially-available ELISA kits (eBioscience, distributed by Prodotti Gianni, Milan, Italy), according to the manufacturer's instructions. Optical densities were measured using an ELISA plate-reader (Spectra I Tecan, Gratz, AU) at 405 nm. The concentration of cytokines in the samples was calculated according to a standard curve performed for each determination and expressed as pg/ml. ELISA assays were doubly performed. The sensitivity of the assays ranged from 15 pg/ml to 5 pg/ml. The data was elaborated with statistical analyses (descriptive statistics, MannWhitney test, Pearson linear coefficient of correlation, linear regression and ANOVA). P<0.05 was considered statistically significant.
RESULTS
The results of the analysis are summarized in Table 1 , 2. (cytokines levels) and Table 3 . (hemodynamic and clinical data) . Among the circulating cytokines tested in this study, we found no statistical difference in the levels of TNF- and IL-10 between the patient population and the control subjects (tab. 1). Simultaneously, though, levels of circulating IL-6 were significantly increased in the patient population compared with the healthy subjects (P<0.0001). Also, surprisingly, levels of circulating IFN- were higher in the healthy subjects than in the patients (tab. 2, fig. 1 ). ANOVA performed on all the chronic patients showed no significant differences in the NYHA class and the echocardiographic parameters. Analysing all chronic patients together, a faint but fairly significant positive correlation (r=0,33, p=0,045) between IL-6 and the NYHA class could be observed. At the same time, levels of other analysed cytokines did not correlate significantly with the NYHA class, age, LVEDV or LVEF.
Table1. Mann Whitney test, cytokines, chronic patients vs. controls

Parameter
DISCUSSION
We observed that the levels of IFN-γ were higher in the control subjects than in all the patients. At the best of our knowledge, this is the first time that the analysed cytokine is higher with healthy subjects than with patients with heart failure [16] . The meaning and the impact of this finding must be studied further.
Considering the multiplicity of the modulatory effects of IFN-γ, an increased immunological activity during heart failure could therefore possibly result from reduced inhibition, usually performed by this particular cytokine rather than only by the augmented stimulating cytokines. Moreover, a similar behaviour of this parameter in cases of left ventricular dysfunction, caused by AMI, makes us believe that this type of activation of interferon gamma response in such patients happens at a very early stage. Since the progression of the left ventricular dysfunction and heart failure are believed to be partly due to inflammation, such activation of interferon gamma response could be one of the mechanisms fuelling the process. If this causation is correct, it would be crucial to obtain more data since it might lead to a possible therapeutical target.
This conclusion seems to be corroborated by some animal studies. Within these, the IFN-γ knockout mice developed more ventricular hypertrophy and fibrosis in an experimental model of hypertensive cardiopathy [17] and a moresevere ventricular dysfunction in a different experimental model of autoimmune myocarditis [18] .
Even if the administration of exogenous IFN-γ at therapeutical level for several pathologies [19] has shown some degree of deterioration of heart failure, we believe it to be caused by very high levels, far above the physiological ones. This seems also to be shown by some animal studies [20, 21] . Although administration of lower doses could be beneficial, it needs to be clinically tested before being accepted as a therapeutical possibility. Considering the observed variability of levels of IFN-γ in heart failure patients, it is possible to make a hypotheses that administration of IFN-γ could be beneficial only with patients with lower than normal levels of this molecule, thus demanding an individualized therapy.
In a very specific setting of diastolic heart failure, caused by hypertrophic cardiopathy in Friedreich's ataxia, there is a report of a single case of therapeutical benefit of IFN-γ therapy, used as enhancer of frataxine expression. Regrettably, the meaning of this finding is limited probably only to frataxine-deficient individuals [22] .
The immunomodulating therapy of heart failure has unfortunately been halted due to the failure of anti-TNF-α to show any clinical benefits [23] . Levels of TNF-α were slightly higher in the patient population than in the controls, lacking any statistical significance. In contrast, other authors were able to demonstrate significant increases of TNF-α levels in patients in larger series, but with large internal variability of the data [24, 25] .
Considering the available data, TNF-α might not be an appropriate therapy target for heart failure. The levels of IL-10 were slightly higher in the patient population than in the controls, lacking any statistical significance. This molecule might, therefore, not play a significant role in the progression of left ventricular dysfunction and heart failure. As expected, IL-6 has shown significantly higher levels in the patient population than in the control group.
CONCLUSIONS
The most striking difference between the patients and the healthy was a lower level of IFN-γ among the patients in comparison to the control group. IL-6 was higher as expected in the patients, while no significant differences were observed for the levels of TNF-α and IL-10. Judging from this data, we can speculate that the modulation of the interferon molecules family could have a useful clinical effect among heart failure population. It is possible that the administration of the IFN-γ to the patients with lower levels of this molecule in doses sufficient to reach the physiological levels could achieve this modulation, thus reducing the progression of left ventricular dysfunction and heart failure. Further clinical research is necessary to test this hypothesis.
